The ovary is an endocrine and exocrine gland that plays primary role in female development and reproductive activities. The proper function of the ovary is influenced by other endocrine glands like the thyroid gland, which is one of the most important endocrine glands of the body that affects many cells all over it .This work is designed to focus on the histological and histochemical changes in adult female albino rat`s ovary that happened due to thyroid gland disorders. Forty five adult female albino rats were used in this study. The rats were isolated from male rat for a month before starting the experiment then they are classified into three groups: control group, taken 0.5 ml physiologic saline orally for three months, hypothyroid group, they were taken carbimazol at a dose of 12 mg / kg B.wt. orally for 3 months, hyperthyroid group, they were taken eltroxin at a dose of 100-ug/ kg. B.wt.. Blood samples were taken for assay of serum T3 and T4. Ovaries were fixed in 10% formol saline and paraffin sections were prepared and stained by different stains: Heamatoxylin and Eosin, Periodic acid Schiff`s reaction, Methyl green pyronine and Masson `s trichrome .The result of the control rats showed the well-known histological pictures and histochemical reactions. The hypothyroid group showed an increased ovarian activity as an increase in the surface epithelial cells, excessive amount of collagen fibers, an increase in the amount of CHO materials and in DNA and RNA content. Regarding the hyperthyroid group there was degenerative changes in the ovarian follicles, decrease amount of collagen fibers and decrease in the amount of CHO materials in the ovarian follicles. The association between ovarian diseases and thyroid gland disorders deserves further attention as normal reproductive function needs approximately normal thyroid secretion.
Introduction
Thyroid hormones are Triiodothyronine (T3) and Thyroxine (T4), which are important regulators for differentiation, growth and metabolism of virtually all tissues and organs of human body including the ovaries and endometrium [1] . The proper thyroid function is essential to have a healthy and normal reproduction [2] , therefore, the female reproduction is inhibited by both hyperthyroidism and hypothyroidism [3] . The hypothyroidism is the leading cause of impaired female fertility as it causes ovulatory dysfunction [4] . Most of the women who have polycystic ovarian syndrome (PCOS) which is one of the most common endocrinopathy, in women of reproductive age, seem to be concomitantly affected by thyroid dysfunction [5] .
The high prevalence of thyroid disorders that have been noticed in PCOS patients points toward the importance of early correction of hypothyroidism in the management of infertility associated with PCOS [3] . In spite of different etiology of both diseases, they have many features in common including substandard ovulation, decreased serum sex hormone-binding globulin, increased serum free testosterone, luteinizing hormone (LH) and cholesterol concentrations [6] . Some ovarian morphological changes that are typical of PCOS as the increased ovarian volume and the appearance of bilateral multicystic ovaries have been reported in various cases of primary hypothyroidism [2, 7] .
At the extremes of function, ovaries and thyroid gland have two types of pathological conditions. At hyper-function level, there are PCOS and hyperthyroidism affecting the ovaries and thyroid gland respectively. On the other hand, at hypo-function level, there are premature ovarian failure and hypothyroidism affecting the ovaries and the thyroid gland respectively [8] , all of these conditions are being related to infertility and leading to an abnormal pregnancy outcome, as well as they might have an underlying autoimmune etiology [9] and may be under the control of similar auto-antibodies [10] . There are some studies stated that thyroid disorders can affect the ovarian functions directly and through autoimmune pathways [10, 11] . Other study proved that hypothyroidism is known to induce a phenotype similar to PCOS or produce features suggestive of metabolic syndrome [12] . There was an interesting observation of the inverse correlation of serum free thyroxine (FT4) quartile with various components of PCOS phenotype in chronic lymphocytic thyroiditis (CLT) in females which lends indirect support to the supposed association between PCOS and CLT [12] , even in the absence of clinical manifestations of thyroid dysfunction, these diseases are rather frequent in women of reproductive age [13] and affecting 5-20% of them [14] .
Thyroid dysfunction may influence some gynecological types of cancer, but epidemiologic studies of this relationship are still limited and inconsistent [3] .
Aim of Study
This study is planned to focus on the histological appearance and histochemical reactions that happened in the ovaries in cases of hypothyroidism and hyperthyroidism, as well as in the euthyroid conditions, also to clarify the pathological changes that can occur in the female reproductive system in association with hyperthyroidism and hypothyroidism.
Materials and Methods
Forty five adult female Albino rats, weighting 160-180 gm., were included in this study. They are housed under strict care and hygiene to keep them in normal and healthy conditions and they had access to food and water.
The rats were kept and isolated from males a month before starting the experiment. Vaginal smears were taken from the rats and stained with Hematoxylin and Eosin stain to be sure of the regularity of their estrous cycle. Three successive estrous cycles (4 days for each cycle) were required before starting the experiment [15] . The rats with the regular cycles (40 rats) were included in the experiment and the others (5 rats) who showed irregular cycles were excluded. The experimental rats were randomly divided into three groups (Table 3) :
It is composed of 10 rats, each rat received 0.5 ml of physiologic solution every other day orally by gastric tube for three months.
Group II [Hypothyroid group]: It is composed of 15 rats, each rat received carbimazole at a dose of 12 mg / kg dissolved in 0.5 ml physiologic solution every other day orally by gastric tube for three months to induce hypothyroidism [16] .
Group III [Hyperthyroid group]: It is composed of 15 rats, each rat received eltroxin at a dose of 100 µg / kg orally every other day by gastric tube for three months to induce hyperthyroidism [17] .
The rats of each group were kept in separate cages till the end of the study. The rats were sacrificed by ether and laparotomy was performed. Blood samples (2 ml from each rat) were taken from the heart in a plain tube and centrifuged, serum was taken to estimate levels of T3 and T4 by ELISA [enzyme linked immunosorbent assay] method .The ovaries were then dissected out, fixed in 10% formol saline then, dehydrated in ascending grades of ethyl alcohol, cleared in xylene and embedded in paraffin wax. Sections of 5 µm thickness were cut by rotatory microtome and stained by the following stains: -Hematoxylin and Eosin (H&E) for routine histological examination, Periodic Acid Schiff's reaction (PAS) for estimation of glycogen, Masson's Trichrome technique. [M.T] for detection of collagen [18] , Methyl Green Pyronine stain [MGP] for DNA and RNA [19] .
Results

Histological Results
Examination of H&E-stained sections of control rat's ovary revealed that the ovary was covered by a single layer of cuboidal epithelium ( Figure 1 ). The epithelium was separated from the underlying ovarian tissue by a layer of collagenous fibers.
The ovarian parenchyma was formed of cortex and medulla, but there was no sharp demarcation between these two components. In the ovarian cortex, the primordial follicles were seen underneath the tunica albuginea (Figure 1 ). Different forms of growing follicles were seen in the ovarian cortex, they comprised of primary and secondary follicles (Figure 2 ).The secondary follicle was formed of large primary oocyte in the center and surrounded by clear material (zona pellucida) and multilayers of follicular granulosa cells. The stromal cells around the follicle were differentiated into an inner vascular layer (theca interna) and an outer fibrous layer (theca externa) (Figure 1 ).
Hormone estimated
Animal group
Recorded data Sections of the ovary of hypothyroid rats showed the surface epithelium at different heights, some areas were covered by simple cuboidal or columnar epithelium . Proliferation of the interstitial cells among growing follicles with cystic or atretic appearance in concomitant with the increase of the thickness of tunica albuginea covering the ovary than those of the control group ( Figure 5 ).
There was a great number of growing follicles and few numbers of primordial follicles, however numerous dilated blood vessels in interstitial tissue among atretic follicles and corpora lutea were observed ( Figure 5 and 6 ).
The main bulk of the ovary was occupied by atretic or cystic follicles. Numerous congested capillaries were seen intermingled between the luteal cells ( Figure 7 ).
The interstitial tissue was prominent and formed of group of cells that occupied large area under the surface epithelium and in between other ovarian components ( Figure 5 ). Excessive accumulation of collagen fibers in the ovarian stroma were evident (Figure 7and 8 ). The ovary of hyperthyroid group showed that the surface epithelium in some areas was formed of single layer of cubical cells other showed proliferated epithelium , the tunica albuginea was seen underneath the epithelium .The beginning degeneration of multilaminar primordial follicles had been occurred ( Figure 9 ).
Most of the ovarian follicles were degenerated. The degeneration appeared in different forms; some follicles showed lysis of the primary oocyte and appearance of acidophilic material filling the cavity of follicular antrum. The surrounding granulosa cells showed pyknosis of their nuclei and degeneration of their cytoplasm ( Figure 10 ). Other follicles were undergone atresia ( Figure 12 ). Normal growing follicle was also seen. The most striking feature of this group was the presence of engorged blood vessels occupying the ovarian stroma in concomitant with the vacuolation of the interstitial cells (Figure 11 ). Traces of collagen fibers were seen in the ovarian stroma ( Figure 12 ). 
Histochemical results
Periodic acid Schiff 's reaction
Control Group:
Sections of the ovary of this group revealed strong PAS reaction of the surface epithelial cells denoting their high content of carbohydrate materials. Granulosa cells of growing follicles as well as granulosa lutein cells of the corpora lutea and interstitial cells showed strong reaction for PAS ( Figure 13 ).
Hypothyroid Group:
Sections of the ovary of this group revealed intense reaction for PAS in the surface epithelium, strong reaction in the granulosa cells of growing follicles and granulosa lutein cells of corpora lutea as well as in interstitial cells (Figure 14 ).
Hyperthyroid Group:
Sections of the ovary of this group showed moderate to weak reaction for PAS mostly in all ovarian components except the surface epithelium and the interstitial cells, which showed moderate reaction ( Figure 15 ).
Methyl green pyronine reaction (MGP)
Sections of the control animals showed strong reaction for methyl green (bluish green color) in the granulosa cells of different ovarian follicles as well as interstitial cells (Figure 16 ). Strong pyronine reaction (red color) was observed in granulosa lutein cells of corpora lutea as well as in the red blood cells of the ovarian vessels ( Figure 16 ).
Hypothyroid Group:
Sections of this group showed very intense reaction for methyl green in granulosa cells of ovarian follicles, granulosa lutein cells of corpora lutea as well as interstitial cells. Moderate pyronine reaction was detected in the cytoplasm of granulosa lutein cells (Figure 17 ).
Hyperthyroid Group:
Sections of this group showed moderate to weak reaction for methyl green in granulosa cells of ovarian follicles as well as corpora lutea cells. Moderate to weak reaction for pyronine was also detected in the cytoplasm of the aforementioned cells (Figure18). 
Discussion
The ovary is one of the endocrine glands that plays an important role in the maintenance of the reproductive activities [20] . The thyroid gland is one of the most important glands of the body that is affecting many cells by its hormones.
Thyroid disorders can present as hyperthyroidism (excessive T3 and T4 production) or more commonly as hypothyroidism (decreased T3 and T4 production) with a higher prevalence of both disorders affecting women [21] .
The correlation between the thyroid parameters and ovarian functions has been detected by many investigators [10, 17, 22, 23, 25, 26] .
In this study, hypothyroid group injected with carbimazole showed signs of increased ovarian activity recorded in histological study of the ovary. The epithelial cells of the surface were overcrowded in some areas giving the picture of pseudostratified appearance, similar findings were observed in rats treated with bromocriptine [27] , and in rats treated with carbimazole for three months [28] .
Hypothyroid group also showed thick tunica albuginea and excessive amount of collagen fibers in the ovarian stroma. This was in agreement with [29] who found significant increase in the total collagen fibers, they attributed this increase to the decrease in collagen degradation by diminished lysosomal enzymes in hypothyroid rats. The striking observation detected in the present study was the appearance of cysts-like structures. Most of the ovarian follicles were degenerated that replace most of the ovarian follicles in the hypothyroid-treated group. These findings were in accordance with [30] and [22] . [31] reported that hypothyroidism is usually associated with ovarian follicular cysts and hypergonadism which are the two cardinal signs of polycystic ovary syndrome in human female. This was supported previously by [32] who clarified that estriol was formed in hypothyroid patients via 16 -hydroxylation pathway instead of normal 2 -hydroxylation. As the estriol is less potent than estradiol in feedback regulation of gonadotrophin secretion, so estriol in hypothyroid patients resulted in ovarian hyperstimulation and development of ovarian cysts. Also severe longstanding hypothyroidism leads to increased ovarian volume and/or cyst formation [2] .
In the present study, the hypothyroid group, vacuolated stromal cells were detected most probably representing those of the interstitial gland. This finding was explained by the researchers [33] , as stromal hyperthecosis, microscopically, it was noted as hypercellular stroma with luteinization of stromal cells that appear with a vacuolated cytoplasm [26] .
On the other hand, hypothyroidism of female gerbils resulted in arrest of follicular development and atresia of most of the ovarian follicles, a condition termed as atrophic ovaries as has been previously reported by [34] . However, [35] stated that, the effect of hypothyroidism on gonads may vary with animal species, the age of the animals, the method used to induce hypothyroidism and the duration of hypothyroidism. Moreover, [36] stated that ovaries of rats treated with propylthiouracil to induce hypothyroidism showed more secondary and less antral follicles. They concluded that this disturbed folliculogenesis is due to inadequate thyroid hormone supply, which hampers the differentiation and not the proliferation of the granulosa cells.
The interstitial cells were markedly the increased incidence of proliferation of these cells. It was supposed to be derived from the theca interna cells of the ovarian follicles that proliferate and become active steroid secretors.
Furthermore, it was also observed that corpora lutea were enlarged and showed signs of increased activity. On the other hand, [36] they have detected corpora lutei in rats treated with propylthiouracil to induce hypothyroidism and attributed this condition to the low level of thyroxine which has a role in maintenance of differentiation of follicular granulosa cells to granulosa lutein cells.
In addition, competitive binding studies with thyroid hormone analogues indicated that triiodothyronine (T3) binding to corpus luteal nuclei is hormone -specific. These findings observed in the ovarian stroma of this group. They appeared in groups surrounded by connective tissue fibers. This could indicate that, there is direct effect of thyroid hormone on the corpus luteum [37] . Concerning the histochemical reaction, glycogen is intracytoplasmic inclusion found normally in every tissue of the body mainly in the liver and muscles. It was demonstrated in the ovary of control animals in this study as well as other studies [14] . Enlargement and cystic changes in ovaries of patients with hypothyroidism has been observed in numerous case reports after raised this concern the first time [38] , [39] .
Dilated congested blood vessels were observed in both hypothyroid and hyperthyroid rats, this finding could be attributed to the increased vascular supply needed for the growing corpora lutea and the increase in their functional activity [26] .
The present study revealed intense PAS reaction in the granulosa cells of growing follicles, granulosa lutein cells of corpora lutei and interstitial cells. This finding denoting presence of carbohydrate materials (CHO) in the ovary of hypothyroid rats. The pattern of CHO distribution noticed after using synthetic estrogen (DES) was indicated by +ve reaction with PAS in both luteal and thecal cells , many clusters of alpha and beta glycogen granules by using electron microscope denoting that these cells synthesize such CHO materials were illustrated [40] .
Methyl green pyronine reaction demonstrates two nucleic acids; deoxyribonucleic acid (DNA) which is the main nuclear component and the ribonucleic acid (RNA) which present mainly in the cytoplasm and to a lesser extent in the nucleus In control group, DNA staining density was strong in the nuclei of the surface epithelium, granulosa cells, lutein cells as well as interstitial cells. Cytoplasmic RNA content of these cells was strong.
In hypothyroid inducted group, the intensity of the reaction for methyl green pyronine was increased. This was in agreement with [41] , they interpreted the association between the hypothyroidism and ovarian hyperstimulation by their opinion that hypothyroidism synthesized the ovarian follicles to a potentiated FSH response resulting in ovarian hyperstimulation.
On the other hand, [34] , reported that induction of hypothyroidism in female gerbils resulted in decrease concentration of RNA and protein the treated animals and L-thyroxine replacement therapy restored these biochemical changes.
Hyperthyroid animals group injected with eltroxin for three months resulted in degenerative changes in the ovarian follicles. These changes were in the form of lysis of the primary oocytes of the growing follicles and degeneration of the granulosa cells. Similar finding was observed by [42] , who described a rise in some enzymatic activity such as alkaline phosphatase and ATPase after using some insecticides. These enzymes could reflect the degenerative changes that occurred in the ovarian follicles or it may be due to lower affinity of the ovarian follicles for metabolic degradation.
On the other hand [14] , reported that, the administration of eltroxin for 2 months to mice resulted in ovarian hyperstimulation and they attributed this to the action of granulosa cells which was stimulated by eltroxin and producing excess estrogen, the main causative factor for this hyperstimulation, also the treatment with eltroxin for 3 months resulted in regressive changes and degeneration in the ovarian follicles. This controversy may result from species difference and period of treatment [14] .
In our study, a minimal amount of collagen fibers were detected in the ovarian stroma, when compared with control group. These could be due to inhibitory effect of eltroxin on collagen synthesis. Similarly [29] , demonstrated a decrease in collagen in hyperthyroid rats and attributed this to the increase in lysosomal enzymes, which increase the uterine and cervical collagen degradation. The most striking feature in this group is the vascular congestion of the ovarian vessels. This could be attributed to the direct load of eltroxin on the cardiovascular system, [43] . The thyrotoxicosis places a considerable load on the cardiovascular system, and the main symptoms of patients with hyperthyroidism are cardiovascular. Thyrotoxic heart disease and heart failure are common in those patients [43] .
In hyperthyroid group, decrease in amount of carbohydrates was detected in ovarian follicles as observed by moderate reaction for PAS, when compared to control group, which showed strong reaction. However, the surface epithelium and the interstitial cells showed strong PAS reaction. This was in agreement with [43] , who mentioned that long term thyrotoxicosis leads to glycogen depletion in the liver that makes it susceptible to injury and liver failure. Moreover, [42] , described an alteration in some enzymatic activity that had led to metabolic degradation and inhibited the carbohydrate synthesis in the ovarian follicles after using some insecticides. In addition, this decrease in PAS reaction was attributed to the occurrence of regressive changes and conversion of the follicles to fibrotic masses after 3 months of eltroxin administration [14] .
Methyl green pyronine reaction in hyperthyroid group was decreased in this study denoting a decrease in DNA and RNA content of follicular cells. Similarly, detected decrease in total protein, 3 months after eltroxin treatment denoting decrease in DNA and RNA content of the ovarian follicular cells [14] , additionally, the ovarian total protein levels determined by biochemical assays were not significantly affected by neither administration of cadmium nor with cadmium and zinc or with zinc alone in rabbit [44] . These changes could be attributed to species difference. The presence of vacuoles in the interstitial cells in hyperthyroid d group of this study could be due to accumulation of lipid droplets and hexose -containing mucopolysaccharides on histochemical studies on atretic ovarian follicles of rats [45] .
Consistent regression of the ovarian cysts after thyroid hormone replacement therapy supports a causal relationship between hypothyroidism and ovarian stimulation. In addition, the presence of ovarian cyst has been considered a diagnostic marker for hypothyroidism [46, 47] .
Conclusion
A strong interaction between thyroid and ovary is implied by many in vitro researches, both in humans and animals. It is necessary to consider hypothyrodisim and other endocrine disorders in the differential diagnosis of adult patients with ovarian multiple cyst formation in order to prevent inadvertent ovarian surgery [24] . So , it will be helpful to assess thyroid hormones routinely in patients with PCOS and offer thyroid hormone replacement therapy if necessary [10] .
In brief, from the present study, hypothyroidism had led to development of ovarian cysts, atretic follicles and proliferation of interstitial cells, also we noticed that hypothyroidism was greatly associated with a delay in sexual maturation and development.
This study also showed that hyperthyroidism for a long time was capable of exerting marked changes in the configuration (degenerative changes) and in the intensity of carbohydrates and proteins of rat ovaries.
We advise that, severe longstanding hypothyroidism leads to an increase in the ovarian volume, which can also be accompanied by cyst formation. Therefore, patients with suspected PCOS (both based on clinical and hormonal profile changes) should be reevaluated after a possible underlying hypothyroidism has been appropriately treated. The association between ovarian diseases and thyroid gland disorders deserves further attention as normal reproductive function needs approximately normal thyroid secretion.
